Objective: Although center-based supervised physical activity interventions have proved to be successful in attenuating health declines in older adults, such methods can be costly and have limited reach. In the present study, we examined the effects of a DVD-delivered exercise intervention on self-esteem and its subdomains and the extent to which these effects were maintained. In addition, we examined whether psychological, demographic, and biological factors acted as determinants of self-esteem.
INTRODUCTION
T he number of adults older than 65 years is rapidly increasing and is projected to double by the year 2050 (1) . However, these extended years are often fraught with disease and a multitude of comorbidities. Not only is it becoming more imperative to identify and implement low cost, broadly available methods of maintaining activities of daily living, and improving physical function, but it is also important to protect against declines in mental and emotional health. Self-esteem is defined as the overall affective evaluation of one's worth or value and is an integral component of a positive attitude toward living (2, 3) .
Self-esteem is considered a multidimensional and hierarchical construct with global esteem at the apex, undergirded, in part, by domain levels of esteem (e.g., social esteem, performance esteem, physical self-worth, etc) which are informed by subdomain perceptions of these esteem domains (4) (5) (6) . Past research has shown that self-esteem can act as a buffer against the adversity of deteriorating health throughout the aging process (7) and that maintaining self-esteem has many health benefits such as decreased levels of cortisol and reduced anxiety and depression (8) . Motl and colleagues (9) have also suggested that there is an inverse relationship between physical self-esteem and depressive symptoms, further highlighting the relationship between self-esteem and health outcomes. Self-esteem is also one of the most consistent determinants of quality of life, especially in the older adult population (10) (11) (12) , making the maintenance of this construct an important public health goal.
In the context of aging, self-esteem declines dramatically after individuals reach older adulthood (13, 14) . This is thought to be a result of failing health, changing social roles and dynamics, loss of physical function, onset of cognitive impairment, and other transitions associated with the aging process (13) . Orth and colleagues (14) have further shown that self-esteem becomes less stable and more variable from midlife to old age. It is therefore critical to improve, if not simply maintain, levels of self-esteem to protect against intermittent changes in esteem.
Physical activity is a low-cost, life-style behavior that has consistently been associated with physical and mental health improvements in an older adult population. Given that the effects of physical activity on self-esteem are more likely to be stronger at the proximal, physical domain (e.g., physical self-worth) and subdomain (e.g., perceptions of physical condition, attractive body, and physical strength) levels, it is important to apply this multidimensional approach, within the physical domain, to the assessment of esteem in physical activity trials.
Several previous, center-based activity interventions have taken this approach. Gothe and colleagues (15) found that changes in all subdomains of self-esteem were significantly associated with changes in physical self-worth after increased physical activity levels among older adults. Similarly, a 6-month exercise trial in older adults reported that higher levels of physical activity were significantly associated with increases in self-esteem at the domain and global levels after the intervention (16) . Although successful and informative, these studies reflect the more typical centerbased approach to exercise trial design and necessitate participants having to attend activity sessions at university, fitness, or medical centers. This may be a challenging endeavor for older adults and likely acts as a barrier to participation for those with poor physical function, limited access to such facilities, or living in more rural communities.
One approach to enhancing reach for those participants with limited access is to design home-based exercise training programs that allow for widespread dissemination while still providing similar health benefits as centerbased programs. Although a number of home-based studies report significant effects on function, strength, and balance in older adults (17, 18) , little is known about the effects of such programs on self-esteem and what underlying factors may be driving the relationship. A number of psychological (e.g., self-efficacy), demographic (e.g., age, sex), and biological (e.g., body mass index [BMI]) factors have been identified as potential determinants of self-esteem and might mediate or moderate changes with physical activity.
Self-efficacy has been consistently associated with improvements in self-esteem in aging adults. McAuley and colleagues (19) conducted a 12-month randomized controlled trial in older adults and found that individuals with positive changes in self-efficacy demonstrated improvements in self-esteem in those subdomain levels of physical condition, attractive body, and strength. Similarly, Opdenacker and colleagues (20) found that self-efficacy mediated the relationship between physical activity and self-esteem in older adults. In a randomized controlled trial in aging individuals, physical activity was related to self-efficacy, physical self-esteem, and quality of life (11) .
In terms of demographic determinants, it has also been suggested that self-esteem varies in its trajectory across the life span such that old age is a critical period for selfesteem development or restoration (13) . Sex has also been shown to play a moderating role in the trajectory of selfesteem across the life span, such that females display lower levels of esteem than males, but the two trajectories converge at old age (14) . Tiggemann (21) has demonstrated that BMI, a potential biological determinant, has an inverse relationship with self-esteem in that higher levels of BMI are associated with lower levels of self-esteem. Greater physical function has also been associated with higher levels of self-esteem. Among stroke survivors, maintenance of activities of daily living in conjunction with physical function improvements is the strongest predictor of self-esteem (22) .
The purpose of the present study was to examine the immediate (postintervention) and maintenance (6-month follow-up) effects of a DVD-delivered, home-based, physical activity intervention on self-esteem and its physical subdomains. Furthermore, we investigated the potential effects of psychological, demographic, and biological factors on self-esteem across the trial and follow-up.
METHODS

Participants, Design, and Procedures
Study design details, methods, and participant flow through the program have been reported elsewhere (23, 24) . Briefly, participants (n = 307) were low-active, older adults residing in central Illinois who volunteered to participate in a 6-month, home-based, DVD-delivered exercise intervention. Sample characteristics are shown in Table 1 . Eligibility criteria included being 65 years or older; low active (i.e., physically active for 30 minutes or more ≤2 days/wk on average over the past 6 months); capable of participation in a program comprising flexibility, strength, and balance exercises without exacerbating preexisting conditions, as decided by their personal physician; and willingness to be randomized. Participants were randomly assigned to either a DVD-delivered exercise condition (n = 158) focused on increasing flexibility, toning, and balance (FlexToBa) or an attentional control DVD condition (n = 149) focused on healthy aging. The FlexToBa intervention comprises three DVDs designed to progressively move participants through six exercise sessions, one for each month of the program. Each session includes two sets of 10 to 12 exercises focused on strength, balance, and flexibility. An exercise specialist modeled all exercises on screen and additional age-matched models demonstrated modifications of each exercise (i.e., simpler and more challenging versions). The attentional control group received a Healthy Aging DVD, a commercially delivered health documentary produced by Dr. Andrew Weil. Both conditions received support from laboratory staff via telephone, starting with biweekly calls for the first 2 months, and then titrating down to once a month for the reminder of the intervention. Assessments were completed at baseline, postintervention (i.e., after completion of the 6-month program), and follow-up (i.e., 6 months after completion of the program). In addition, participants completed self-efficacy assessments at 3 weeks.
Measures
Demographics
Participants self-reported age, sex, race, ethnicity, and highest level of education. BMI was calculated using measured height and weight collected at the baseline testing appointment.
Global Self-Esteem
Global self-esteem was assessed with the Rosenberg Self-Esteem Scale (25) . Participants were asked to respond to statements similar to the following: "I am able to do things as well as most people," and "I feel that I'm a person of worth, at least on an equal basis with others." Each item is scored on a 5-point Likert scale from strongly agree (1) to strongly disagree (5), with lower scores indicating higher levels of self-esteem. Possible range of scores is 10 to 50 and internal consistency in the present study was excellent, α = .90 (Table 2 ).
Physical Self-Perception Profile
The Physical Self-Perception Profile (26) was used to assess physical selfworth and its three subdomains: perception of physical condition, perception of physical strength, and perception of attractive body. Participants were asked to respond to statements such as follows: "I am physically stronger than most people of my sex," and "I feel confident in the physical side of myself." Each item is scored on a 4-point Likert scale from not at all true (1) to completely true (4). Internal consistencies for physical selfworth, perception of physical condition, perception of physical strength, and perception of attractive body were all excellent, α values ≥ .89.
Self-Efficacy
The Exercise Self-Efficacy (27) scale is a task self-efficacy measure used to assess participants' change in their beliefs in their abilities to continue exercising at varying time points in the future at a moderate intensity three times a week for less than 40 minutes per session (e.g., "I am able to exercise three times per week at moderate intensity, for 40+ minutes without quitting for the next two months"). Each item was scored on an 11-point scale ranging from not at all confident (0%) to highly confident (100%) increasing in 10-point increments, with higher scores indicating higher levels of self-efficacy. All items are summed and divided by the number of items resulting in a total efficacy score. Internal consistencies at 3 weeks and 6 months were excellent, α values ≥ .99. Changes in exercise self-efficacy from Week 3 of the program to 6 months were represented by residualized change scores. Previous research indicates that participants often recalibrate their efficacy perceptions after starting a physical activity program; therefore, self-efficacy scores as measured at Week 3 of the intervention were used in all analyses instead of baseline values (28, 29) .
Short Physical Performance Battery
The Short Physical Performance Battery was used to assess functional performance and comprised three parts: a balance test, a mobility test, and a lower extremity strength test (30) . A total summary score and scores from each individual test are calculated with a possible range of 0 to 12, with higher scores indicating better physical function. Changes in function from baseline to 6 months were represented by residualized change scores.
Data Analysis
Initially, independent-sample t tests were conducted to determine baseline differences between the two groups. Linear-mixed models were then used to examine a) the effect of the FlexToBa intervention on self-esteem outcomes postintervention and at follow-up and b) the extent to which improvements in self-efficacy as a result of the intervention predicted improvements in self-esteem outcomes (i.e., global self-esteem, physical self-worth, physical condition, body attractiveness, and physical strength). Estimated marginal means models were used to test the primary effects of the FlexToBa intervention on self-esteem and its subdomains at the end of the intervention and follow-up. Post hoc, pairwise comparisons between groups and across time points were tested using the least significant difference test. Hierarchical linear regression models in which repeated measures (baseline, 6 months, 12 months) were nested within persons were used to test the effects of changes in self-efficacy, independent of age, sex, and BMI, on changes in self-esteem outcomes over time (n = 921, person by time observations). A hierarchical approach was used in which we tested the unconditional means model (UMM) and unconditional growth model (UGM), followed by the fixed effects of group assignment (FlexToBa versus control), the primary predictor variables (change in exercise selfefficacy), hypothesized covariates (age, sex, BMI), and interactions. The maximum likelihood method and the variance components covariance structure were used for all tests. Model fit was estimated using −2 restricted log likelihood, Akaike Information Criterion, and Schwarz Bayesion Criterion. Effect size was expressed as Cohen d in the estimated marginal means models and as residual (within person) and intercept-related (between persons) pseudo-R 2 in the hierarchical models. Predictor variables were considered significant at p < .05, but were retained in the model at p < .10. Data were analyzed in SPSS 22 (Chicago, IL).
RESULTS
Participant Characteristics
Those retained in follow-up analyses did not significantly differ from dropouts in key demographic characteristics (i.e., sex, race, ethnicity, education, and BMI) other than age, such that older individuals were less likely to complete follow-up assessments ( p = .05). More information relative to these differences has been reported elsewhere (31) . In relation to the present analyses, no baseline differences were observed between FlexToBa and control participants for all self-esteem variables (i.e., global self-esteem, physical self-worth, physical condition, physical strength, and body attractiveness), self-efficacy, and physical function (all p values > .188).
Global Self-Esteem
Estimated Marginal Means
There was a significant time effect (F(2,498.86) = 5.15, p = .006) for global self-esteem; however, there were no group effects or group by time interactions ( p = .73 and p = .96, respectively). Both the FlexToBa and control groups showed improvements in global self-esteem from baseline to end of intervention with maintained levels for both groups from end of intervention to follow-up. Because there were was no significant group by time interaction in the estimated marginal means, we did not explore a linear regression model for global self-esteem.
Physical Self-Worth
Estimated Marginal Means
There was a significant time effect (F(2,523.11) = 25.10, p < .001) for physical self-worth that was driven by a group by time interaction (F(2,530.10) = 4.17, p = .016). Pairwise comparisons indicated that those in the FlexToBa group significantly increased in physical self-worth from baseline to end of intervention ( p < .001, d = 0.56) and decreased from end of intervention to follow up ( p = .043); however, levels of physical self-worth at follow up were significantly greater than baseline levels ( p = .003). Although increases were observed in both groups from baseline to follow-up, these effects were greater in the FlexToBa group compared with the control group (d = 0.52 and d = 0.22), respectively.
Linear Regression Models
Results of the UMM suggested 45% of the total variance in perception of physical self-worth was within persons (intraclass correlation = 0.55). Independent of sex, age, and BMI, improvements in self-efficacy significantly predicted improvements in physical self-worth (β = 0.46 [0.13], t = 3.58, p < .001). Although older adults demonstrated higher levels of physical self-worth overall ( p = .039), participants with higher BMI displayed greater increases in physical self-worth across time ( p < .001). Similarly, although women had lower levels of physical self-worth overall compared with their male counterparts, women showed greater improvements in physical self-worth over time ( p < .001). Furthermore, women in the FlexToBa group demonstrated higher levels of physical self-worth overall compared with women in the control group ( p = .015). The UMM, UGM, and final model are presented in Table 3 .
Within the FlexToBa group alone, independent of BMI and sex, adherence to the intervention and improvements in self-efficacy were marginally significant predictors of improvements in physical self-worth (β = 0.49 [0.26], t = 1.88, p = .063; β = 0.31 [0.17], t = 1.81, p = .071, respectively). Overall, individuals who reported greater weekly use of the DVD demonstrated greater physical self-worth ( p = .063). Self-efficacy improvements continued to marginally predict greater overall levels of physical self-worth within the intervention group ( p = .071).
Physical Condition
Estimated Marginal Means
There was an overall time effect (F(2,535.27) = 26.98, p < .001) for physical condition that was driven by a group by time interaction (F(1,630.77) = 8.31, p = .004). Pairwise comparisons indicated that those in the FlexToBa group significantly increased in physical condition esteem from baseline to end of intervention ( p < .001, d = 0.61) and decreased from end of intervention to follow-up ( p < .001). However, physical condition esteem in the FlexToBa group increased significantly from baseline to follow-up ( p = .005, d = 0.37), whereas levels did not change from baseline to follow-up in the control condition ( p = .67, d = 0.19).
Linear Regression Models
Results of the UMM suggested that 44% of the total variance in perception of physical condition esteem was within persons (intraclass correlation = 0.56). Increases in exercise self-efficacy were the strongest predictor of changes in physical condition esteem (β = 0.66 [0.13], t = 5.12, p < .001), explaining 9% of the between persons variance. Although women and high-BMI participants displayed lower levels of physical condition esteem overall ( p values both < .001), women and higher BMI individuals demonstrated greater improvements in physical condition across time ( p = .003 and p < .001, respectively). Age was not associated with perception of physical condition ( p = .20). The UMM, UGM, and final model are presented in Table 4 .
In the FlexToBa group, adherence to the intervention and improvements in self-efficacy were significant predictors of improvements in physical condition, independent of BMI (β = 0.48 [0.18], t = 2.73, p = .007; β = 0.74 [0.20], t = 3.71, p < .001, respectively). In addition, improvements in physical function significantly predicted improvements in perceptions of physical condition (p = .019).
Perception of Attractive Body
Estimated Marginal Means
There was a significant time effect (F(2,536.69) = 28.33, p < .001) for perception of attractive body; however, there was no group effect or group by time interaction ( p = .78 and p = .75, respectively). Both the FlexToBa and control groups showed improvements in perception of attractive body from baseline to end of intervention, end of intervention to follow-up, and baseline to follow-up. Because there were no significant group by time interactions in the estimated marginal means model, we did not explore a linear regression model for perception of body attractiveness.
Perception of Physical Strength
Estimated Marginal Means
There was a significant time effect (F(2,525.25) = 15.24, p < .001) for perception of physical strength; however, there was no group effect or group by time interaction ( p = .36 and p = .33, respectively). Neither the FlexToBa nor the control groups differed in their perceptions of physical strength from baseline to follow-up. Because there were was no significant group by time interaction in the estimated marginal means, we did not explore a linear regression model for perception of physical strength.
DISCUSSION
The purpose of this study was to examine the potential of a DVD-delivered exercise intervention to improve multidimensional self-esteem in older adults. Major findings suggest the FlexToBa intervention was effective for improving older adults' physical self-worth and physical condition from preintervention to postintervention and at 6-month follow-up. These effects may have been especially salient for females, younger adults, and obese individuals. In addition, consistent with previous literature, improvements in self-efficacy emerged as a significant predictor of improved self-esteem over time. Importantly, these findings are within the context of a DVD-delivered exercise program, unlike past research which has been All tests were conducted using hierarchical linear regression using maximum likelihood estimation for all models. UMM = unconditional means model; UGM = unconditional growth model; B = parameter estimate; SE = standard error; BMI = body mass index; EXSE = Exercise Self-Efficacy Scale; AIC = Akaike information criterion; BIC = Bayesian information criterion. All tests were conducted using hierarchical linear regression using maximum likelihood estimation for all models. UMM = unconditional means model; UGM = unconditional growth model; B = parameter estimate; SE = standard error; BMI = body mass index; EXSE = Exercise Self-Efficacy Scale; AIC = Akaike information criterion; BIC = Bayesian information criterion.
primarily conducted in structured, supervised settings. This highlights the fact that self-efficacy may successfully be targeted through a home-based exercise program and, in turn, positively affect important psychosocial outcomes such as self-esteem. Our analyses of the determinants of changes in selfesteem levels suggest that changes in self-efficacy resulting from the intervention play an important role in these effects. Specifically, improvements in self-efficacy over the course of the intervention were associated with improvements in physical self-worth and perceptions of personal condition. This finding is consistent with past research emphasizing the relationship between self-efficacy and self-esteem within an exercise intervention framework (16, 20, 32) and has implications for future research in older adults. As previous literature has suggested (32), providing efficacy enhancing exercise experiences, such as highlighting past successes (mastery experiences) or providing a role model (social modeling), is likely to enhance self-esteem. The FlexToBa group was exposed to age-appropriate models demonstrating each exercise and its modifications and received monthly feedback of their progress, both serving as important sources of efficacy enhancement. It is also plausible that the presence of the group instructor within the FlexToBa DVD provided specific support for improving both perceptions of physical self-worth and physical condition. This is supported by previous research in which improvements in esteem were observed in the context of an individualized, instructor-led exercise condition compared with a group setting (33) . Importantly, our program was able to successfully target sources of self-efficacy information via DVD to mirror previous findings from center-based programs (15, 34) and extend them into the home, easing the burden on both participants and research staff and increasing the potential for scalability (see Exercise Log, Exercise Prescription, and Feedback Form, Supplemental Digital Content 1, http://links.lww.com/PSYMED/A301, which illustrate elements of self-efficacy targeted in the current study).
Physical function also played an important role in the relationship between physical activity and self-esteem within the intervention group. Individuals in the FlexToBa group who demonstrated improvements in physical function across the program evidenced greater improvements in perceived physical condition. More research is needed in the context of home-based interventions to further explore the predictive role of physical function. Of further interest were the differential effects of sex, age, and BMI on levels of self-esteem. Overall, women had lower levels of physical self-worth than men, which is consistent with the literature (35) . However, women in the FlexToBa group showed greater improvements in physical self-worth compared with women in the control group. This finding suggests that the FlexToBa intervention provided key components for improving physical self-worth for women, more so than the healthy aging control group, which aligns with past research indicating a positive association between exercise in adult women and high self-perceptions of esteem (34, 36, 37) . In addition, although those with higher BMIs had lower levels of esteem overall, these individuals demonstrated greater improvements in subdomains of self-esteem over time. This may be due in part to the exercise modifications and progressions inherent in the FlexToBa program, allowing individuals of all body compositions and capabilities to be successful in completing the exercises. Given that past research has suggested obese individuals feel embarrassed or ashamed of their bodies when exercising in public (38) , this program allowed participants to be active in the comfort of their own homes which potentially contributed to improvements in esteem. Age was also associated with self-esteem, such that older individuals demonstrated higher levels of physical self-worth compared with their younger counterparts. It is possible that the older adults in the present study were more comfortable with their bodies and therefore demonstrated higher levels of self-esteem (39) .
Although significant improvements at the end of the intervention were seen on the domain and subdomain levels of self-esteem, neither perceived physical strength nor global self-esteem differed by group. One possible explanation for the lack of improvement in the strength subdomain might lie in the item content of the scale assessing this construct. Whereas the intervention targeted elements of strength necessary for improving aspects of function necessary for activities of daily living, items on the strength subscale of the Physical Self-Perceptions Profile (PSPP) are more comparative in content. For example, the PSPP includes items such as, "I have muscles that are much stronger than most others of my sex," and "In situations requiring strength, I am one of the first to step forward." It is therefore quite possible that although the FlexToBa intervention indeed resulted in objectively measured strength outcomes (24) , the strength components addressed in the PSPP were not relevant to these improvements.
That global self-esteem did not change across time is perhaps more understandable and is likely due to the shorter follow-up period or that individuals started with higher levels of global self-esteem and therefore did not have much room for improvements. However, there is considerable support in the literature concluding that physical activity influences global self-esteem indirectly through the proximal levels of self-esteem's multidimensional schema after an exercise intervention (11, 26, 36) . It is therefore reasonable to consider that although the FlexToBa program may have provided improvements in subdomain and domain levels of self-esteem, these effects were not substantial enough to influence global self-esteem.
This study has several strengths. Although there is considerable support in the literature for the positive relationship between exercise training and self-esteem, this research has typically used university or medical center-based exercise interventions (11, 32) , which may limit accessibility for large numbers of older adults in need of such programs. The novel nature of this DVD-delivered, theory-based intervention has the potential for widespread dissemination and adaptability to other media, setting it apart from other commercially available exercise programs for aging individuals. Furthermore, this method is low cost and can be provided for those who may have limited access to exercise facilities (e.g., those living in rural areas, without adequate transportation, or who are unwilling to negotiate the daunting nature of busy university campuses). Further strengths include the targeting of activities that are fundamental to maintaining an independent life-style (i.e., strength, flexibility, and balance), as well as providing modified versions of all exercises that allow individuals of all abilities to complete the program successfully. These physical activity determinants are traditionally targeted in face-to-face settings; however, we were able to successfully target them in a mediated setting ultimately leading to improvements in various aspects of health.
This study had several limitations that should be considered when interpreting the data. The sample was primarily white and female, despite our attempts to recruit from minority groups, which may limit generalizability of the results. However, the distribution of men and women who participated is proportionately equivalent to other research endeavors in older adults (1) . Future researchers might target minority groups to determine if the effects reported herein are maintained in racially diverse populations, a task made easier through the DVD-delivery mode of this program. Furthermore, because this sample consists of relatively healthy adults, it is possible that significant improvements were not present for components of selfesteem due to a ceiling effect. Subsequent studies might target diseased populations to determine whether the effects reported herein can be magnified.
In conclusion, we report the intervention effects and maintenance at 6-month follow-up of a DVD-delivered exercise training program on multidimensional self-esteem in older adults. Individuals in the FlexToBa group experienced improved perceptions of physical self-worth and physical condition, suggesting the DVD-delivered exercise program was beneficial for improving self-esteem over time on both the subdomain and domain levels. Importantly, change in self-efficacy, a key component of social cognitive theory (40) , was found to be a significant determinant of improvements in self-esteem. Given that selfefficacy is a malleable construct, exercise interventions should provide activity experiences designed to enhance efficacy and thereby improve self-esteem, an important component of quality of life. The results of this study lead us to be optimistic that this innovative method of delivering an exercise program can be disseminated on a broad scale to improve self-esteem in older adults.
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